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report on the design,
operation and performance of 30 selected
municipal wastewater treatment plants in the Great Lakes basin was prepared by
CANVIRO Consultants, Ltd., for the Municipal Abatement Task Force of the Great
Lakes Water Quality Board.
The conclusions and recommendations in this report
are those of the authors and do not necessarily reflect the views of the Task
Force, the Water Quality Board or its recommendations to the International
Joint Commission.
The detailed assessment of the performance of these
facilities was a part of the Task Force's comprehensive review of municipal
wastewater pollution abatement in the Great Lakes basin. The Task Force's
findings, conclusions, and recommendations are contained in its report to the
_Great Lakes Water Quality Board entitled, “A Review of the Municipal Pollution
Abatement Programs in the Great Lakes Basin“, Windsor, Ontario, November 1983.
The evaluations of treatment plant operations in this study were based on
198l operating data supplied by the plants. Since then, upgrading operations
at several plants have considerably improved the wastewater treatment
efficiency, and hence, the evaluation of several plants. Conversely, some
plants may be experiencing difficulties in maintaining treatment efficiency
due to new circumstances such as hydraulic or organic overloading, Or
equipment failure.
Users of this data are cautioned that it is representative only of 1981
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Data Compilation and Data Handling
Plant Performance Evaluation
Assessment of Plant Compliance
Evaluation of Phosphorus Removal Program
Evaluation of Toxic Substances Removal Capabilities
Assessment of Plant Monitoring Programs

































RESULTS OF PLANT ASSESSMENTS
3.1 Treatment Plant Compliance
Factors Affecting Plant Operation









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In this assessment, nine factors were evaluated and ranked to deter-
mine their impact on plant Operations (factors with the highest total
were the most significant problems). The following table summarizes



















































































































































































































































































































































































































































































































































In 1981, nineteen plants utilized iron salts for phosphorus removal,
one plant used alum, three plants used both chemicals either jointly
or alternately. Seven plants added polymer to improve T53 and TP re-
ductions. Seven plants added no chemical, relying instead on high
levels of iron in the raw wastewater or biological uptake of phospho-
rus during secondary treatment.
The average metal-to-phosphorus molar ratio, including plants without
chemical addition, was 0.77 (i 0.66), with a range of 0 to 1.8.
The average influent phosphorus concentration for the 30 plants was
5.35 mg/L (1 3.01), while the average effluent TP level was 0.94 mg/L
(t 0.76). Soluble phosphorus was measured at only seven of the 30
plants and averaged 0.66 mg/L. Bioavailable phosphorus ranged from
0.10 to 1.35 mg/L, averaging 0.60 mg/L.
Implementation of minor modifications for improved phosphorus removal
at 21 of the 30 plants would result in a reduction of 21% in the dis-
charge of total phosphorus from the 30 plants. These improvements
were estimated to cost an additional (Canadian) $1,831,000, resulting






The existing data base for heavy metals in influents, effluents and
sludges is inadequate for many of the 30 treatment plants. Further-
more, less than 20% of the plants evaluated had organic priority pol-
lutant data.
Zinc and chromium were the most commonly identified toxic contamin-
ants present at elevated levels in influents, effluents or sludges.
Nickel, copper, cyanide, phenols and volatile organic compounds were
also identified as potential areas of concern.
0f 16 plants having valid estimates of {T for the biological pro-
cess, 10 had average SRT's longer than 5 d, and thus should achieve a
relatively high degree of trace organic removal.
Additional monitoring was recommended for 27 of the 30 plants, pri-
marily for evaluation of trace organics levels.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 TABLE 1. SUMMARY OF TEN PROBLEMS MOST FREQUENTLY ENCOUNTERED
AT MUNICIPAL NASTENATER TREATMENT PLANTS







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   































































































































































































































































































































































































































































































































































































































































Assessment of Plant Operating Efficiency
At this stage the team assessment phase was initiated. An evaluation
form was prepared (shown in Appendix B) to use as a basis for analyzing each
plants operation. For those plants that provided daily records for each month
of 1981, it was possible to examine in detail plant operation and performance.
However, a number of the plants did not furnish the daily records (e.g. only a
single sheet containing monthly averages was submitted for several plants).
For those plants which provided only monthly data, a less detailed review of
plant performance was possible. In many cases, the evaluation relied on the
best engineering judgement of the CANVIRO team to identify any specific problem
areas. ’
Reasons for non-achievement of effluent regulations due to design
comparing plant data to standard reference
factors were determined by



































Process Design Manuals for PhOSphorus Removal and Suspended Solids Removal (EPA
1976, 1975).
requirements for 8005 and suspended solids were then delineated.
Where apprOpriate, recommendations for meeting the jurisdictional



































































































































































































































 2.3.3 Evaluation of Toxic Substances Renoval Capabilities
The removal of toxic substances by the wastewater treatment plants
was assessed using data provided by the treatment plant or Provincial/State
authorities. The data submitted was highly variable from plant to plant in
terms of the frequency of analysis, the waste streams analyzed and the toxic
constituents analyzed. For those plants with heavy metals data for their in—
fluent and effluent streams, the levels were compared to those recorded in the
studies by Atkins and Hawley (1978) and in the 40 POTN study conducted by the
U.S. EPA (EPA 1982). The latter study was also used to assess levels of trace
organics in plant influents and effluents; such information, however, was pro-





















The levels of toxic substances were compared to the benchmark studies




















































































































































































































































































































































2.4 Sun-ary of Plant Perforlance
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that 8005, suspended solids and total phosphorus exceed the required effluent
concentrations.
In these probability plots, the design value for flow
is indicated as a solid line (
), and the required effluent concentrations
are indicated by a broken line (__ _.__).
The probability plots for 8005, T85
and TP indicate both influent concentrations (x), and effluent concentrations
(0). When only effluent data for phosphorus was reported, the concentrations
 
were plotted using (x). ,
The results of the assessments of the individual plants are summar-
ized in Table 4 (p. 103). Two plants, Akron and Buffalo Bird Island were
either in the midst of or in the planning stage of major construction pro-
grams. The 1981 data reported are representative of that year's operation, al—
though much improved performances can be expected with the completion of the
plant expansions. As indicated in Section 2.4, the detailed assessments for
each plant are available, but for the sake of brevity, have not been incorpor—
ated into this report. Specific aspects of the plant assessments are discussed
in the following subsections.
3.1 Treatment Plant Performance
Treatment plant performance was assessed relative to all discharge
requirements specified for each individual plant; however, Table 4 summarizes
plant compliance only for the major conventional contaminants of 8005, suspen-
ded solids (T55), and total phosphorus (TP). Details with respect to other
pertinent discharge requirements for specific plants are included in the indi-
vidual plant assessments.
There is considerable variation between jurisdictional effluent re-
quirements, as summarized in Table 5 (p. 106). lgaically, requirements in the
Province of Ontario are more stringent in terms of effluent concentrations for
3005 (:15 mg/L) and T35 (:15 mg/L) for secondary plants. However, these requi-
rements are based on annual average concentrations. Conversely, effluent re-
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TABLE 7. SUMMARY OF ASSESSMENT OF TREATMENT EFFICIENCY
NUMBER OF PLANTS PERCENT OF PLANTS














No Parameters (8005, TSS, TP) 7 23


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the required level of 8.0.
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Duluth failed to comply with its zinc requirement in 1981.


























































































(2) Bypassing of Nastewater (BYPASS)
(3) Organic Loading (ORG. LOAD)
(4) Hydraulic Loading (HYD. LOAD)
























































































































































































































































































































































































































































































































































































































larly identified as a prevalent problem.
 
 ’
TABLE 8. SUMMARY OF PLANT OPERATION EVALUATIONS
FACTOR
TOTAL
NO. OF PLANTS RATING
FACTOR 1 2
 
1/1 or cs 11 . 13 46
SLUDGE TREAT. 1O 5 42
BYPASS 1o 11 41
IND. LOAD. . 15 10 38
SAMP. .1 ANAL. 17 29
HYD. LOAD. 13 28







      

























































































































































































































































































































































































Hydraulic loading was identified as a problem area of medium severi-
ty, despite the influence of I/I and combined sewers on plant performance.
Twenty-four (80%) plants are operating at less than design flow. In addition,
bypassing of raw wastewater or primary effluent is commonly used to minimize
the impact of peak flows on plant Operation.
Approximately two-thirds of the treatment plants evaluated are opera-
ting at less than design organic loading (66%) and are considered to be adequa-
tely staffed by qualified personnel (66%). These two factors were least signi-
ficant in their impact on plant operation. Process monitoring and record keep—
ing, a factor related to the quality of plant operational staffing, was simi-
larly considered to be a less severe problem area. However, it should be
emphasized that very few plants apply process control concepts to the operation
of their biological treatment systems (e.g. SRT control, F/M control). Some
plants control plant operation based on aeration tank MLSS concentrations;
others control solely based on sludge settleability. Many plants have no
apparent defined control strategy. Furthermore, very few plants routinely
monitor the soluble phosphorus concentration in the treated effluent.r Such
data provide critical information for evaluating the efficiency of phosphorus
removal and the bioavailability of the total ph05phorus in the plant effluent,
as well as providing necessary information for optimization of chemical addi-
tion rates. It is recommended that all plant required to meet phosphorus dis-
charge requirements include influent total phosphorus and effluent total.and
soluble phOSphorus determinations as part of the routine process monitoring
program. '
\
3.3 Phosphorus Removal Prograls
All plants included in the survey discharge to the Great Lakes Basin
and are required to comply with total phosphorus discharge requirements. Of
the plants surveyed, the majority (19 plants) utilized iron salts (ferrous or
ferric) to achieve phosphorus removal. Only one plant used aluminum salts as
the sole chemical precipitant although three plants indicated that both iron
and aluminum salts were utilized either jointly or alternately for phosphorus
removal. Seven plants did not add chemical precipitants for phosphorus remo-





















































based on 28 plants
for which data were available (one
plant did not monitor influent TP concentrations;
one plant did not measure the
iron content of the waste pickle liquor used for phosphorus precipitation).
As
noted in Section 3.2, few plants monitor the effluent soluble ph05phorus con-
centration.
For the seven plants which provided these data, the average efflu-
ent soluble phosphorus concentration was 0.66 mg/L.
An estimate was made of
the fraction of effluent total phosphorus that is bioavailable for each of the
thirty plants (See Table 9). The‘bioavailable-P levels ranged from 0.1 mg/L
for Pontiac Michigan to 1.4 mg/L for Buffalo Bird Island averaging 0.6 for all
plants. g '
As has been noted in other assessments of phOSphorus loadings to the
Great Lakes Basin, there has been a significant reduction in the total phospho-
rus content of the raw wastewater being treated at water pollution control
plants. This is primarily a result of restrictions placed on the phosphorus
content of household detergents.. The average influent TP concentration was
5.35 mg/L (1 3.01), based on 28 plants for which data are available for 1981.
At seventy percent of the plants reviewed (21 of 30 plants), it was
considered that improvements in phosphorus removal could be achieved by rela-
tively simple modifications. The recommended modifications generally fell into
one of the following categories:
i) Increase dosage of chemical precipitant
ii) Change location of chemical dosage point
iii) Improve control of dosage rate
iv) Add polymer to reduce TSS carryover from secondary clarifiers
It was projected (Table 9) that implementation of these modifications
would reduce existing effluent total-P loadings by 21% (i.e. from 4564 to 3575
kg/d) and reduce the average effluent total-P and bioavailable-P levels to 0.60
and 0.33 mg/L respectively. The total addition. costs related to implementing
these recommendations were (Canadian) $1,831,000. The costs of modifications
at individual plants ranged frun no expense to $500,000 (for the Hamilton plant
which currently adds no chemical for phosphorus removal). It is estimated that
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Estimated










































































(trace organics and metals) lwas generally
based on best engineering Judgement, due to the lack of adequate data in most
cases, to define specific problem areas at the individual plants.
A total of
ten plants (33 percent) provided analytical data for trace organics and heavy
metals in influent, effluent or sludges.
Of these ten plants, only five plants
(provided U.S.EPA priority pollutant data. The remaining five plants provided a
limited amount of trace organic data on specific contaminants such as phenol,
or PCB's in the influent/effluent streams or the plant sludges, along with
heavy metal data. Seven plants provided heavy metal concentration data in the
influent and effluent streams and the plant sludge. Nine plants provided only
heavy metal data for sludges. One plant provided infiuent and effluent heavy
metal data but did not provide similar sludge data. Three plants (10 percent
of the total) provided no data on which base an assessment of influent toxics
loading or removal.
As a consequence of the lack of available information on trace or—
ganics, the evaluation of areas of concern related to tonic contaminants and
recommendations for pretreatment primarily addressed heavy metals. Zinc (11
plants) and chromium (9 plants) were the most commonly identified heavy metals
of concern. Nickel (6 plants), copper (6 plants), lead (3 plants), arsenic (2
plants), cadmium (2 plants) and mercury (1 plant) were also identified at ele-
vated levels in the plant influent and/or efflur t streams or in the plant
sludges. Specific toxic contaminants other than heavy metals which were iden-
tified as potential areas of concern were cyanide, phenol, and volatile orga-
nics including chloroform, benzene and tetrachloroethylene. Several Indiana
’plants reported high concentrations of PCB's in sludge samples; however, these
results are from a survey conducted in 1978 and need to be confirmed.
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As a result of the review of the available data on toxic organics, it





































































































































































































































































































































































































































































































































































































































Twenty-four of the plants (80 percent) are staffed 24 hours per day.
Five plants are staffed 8-9 hours per day. The remaining plant is staffed 16
hours per day.
3.6 Treatment Costs
Treatment cost data presented in Table 4 (1981 Canadian $ per 1000 m3
treated) were calculated based on information provided by the plants. In most
cases, there was no indication of what cost components relating to plant opera-
tion were included in the cost data. Furthermore, only one plant provided
estimates of operating costs before and after the implementation of phOSphorus
removal; therefore, this aspect of treatment plant operating costs cannot be
laddressed based on the available information. ,
Based on 1981 data for 26 plants providing cost information, treat-
ment plant operation ranged from $16 to $264 per 1000 m3 treated, averaging $83
per 1000 m3 treated. '
3.7 Adequacy of Available Infonlation
The accuracy of the information developed for the individual plants
and the validity of the plant assessments compiled was limited by the adequacy
of the information provided to project staff. This was a direct result of two
factors; namely, the quality of the information provided by the plants and the
design of the questionnaire submitted by the IJC Work Group.
Every plant had to be contacted directly at least once by telephone
to obtain critical information regarding the design, operation or performance
of the plant which was either not included in the plant files or not requested
in the questionnaire. The questionnaire (see Appendix A) was designed to pro-
vide fundamental information on plant design and certain aspects of plant oper-
ation (sampling and analytical, staffing, costs, etc.) However, the question-
naire was not designed to provide critical information on operating procedures,
particularly those related to the operation of the biological processes.
Therefore, this information was often not prov aed, severely limiting the
ability of project personnel to assess the factors influencing plant perfor—
mance.
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In general, plant response to the survey was considered "good". More
than 73 percent of the plants (22 piants) achieved this ranking during the
assessment and a further two piants were considered to have provided exceiient
information. Five plants submitted information that was rated as fair. Oniy
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Phosphorus: Design (mg/L) (kg/d), or.
Current (mg/L) (kg/d). or
NH3 - Nitrogen: Design (mg/L) (kg/d), or









Iypes and Concentrations of Toxic Materials Present in Influent ii.e. Heavy
Metals, Chlororganits. etc.):





Types of Industrial Wastes:





Process Train Description: Please attach a schematic diagram consisting






Number of Screens Screen (m) , or(ft.)
Dimensions of Dimensions of
Openings (um) Channel (m) , or(ft.)
Design Flow Through Velocity (m/s) , orift/s)
Method of Cleaning \ /
(Manual/Mechanical)
Cleaning Frequency
Daily Volume of Screenings(m3) , or(ft3)

















Unit Dimensions: Lengthim) ,or (ft.)
Hidth(m) .or (ft.)
Diameter(m) ,or (ft.)

























































































































































































Spare Parts Inventory and Maintenance:
Comments:
FLOW EQUALIZATION AND MEASUREMENT.
Type (On-line or Off-line)
No. of Basins
Dimensions of Each Basin
Basin Volume (m3 or ft3)
Basis for Basin Design
Method of Basin Cleaning
 
Frequency of Basin Cleaning
Aeration
 
















































































































































































































































































































































































































































































































































































































































Flow Stream Variable or No.
Pumped Pump Iype Constant Speed Pumps Name Model 53 Cagacitx
 




































































































Name No. of Cells
Model Freeboard
Surface Dimensions Surface Area (m2), or . (ft.2)
Media Depth (m), or (ft.)




Organic Loading (kg BODs/day/1000m3)





















































































































































































































































































































































































































































































































































































































































































Media Depth (ft). or (m
Surface Area





Flow (state whether the design value is based on the average flow or peak
hourly flow) \ f
(Design) (gpd). or ’(m3/day
(Operating) (gpd). or (m3/day






Hydraulic Loading (state whether the design value is based on the average flow


































































































































































































































































































































































































Type of Diffusers No. of Diffusers
No. of Compressors I ‘ Name
Mode] . HP , or Kw
Capaoity (cfm), or (m3/min)
  
Design Oxygen Transfer Rate (KgOz/Kw-hr or TbOZ/Kw-hr)
Operating Oxygen Transfer Rate (KgOz/Kw-hr or TbOZ/Kw-hr)












































































































































































































































































































































































































































































































































































































































































































































































































































































 SLUDGE HANDLING AND DISPOSAL







































































































































































































































































   
  




































































































































































































































































































































































































































































































































































































































































Special Treatment of Return Flows
Safety Equipment:

























































































































































































































































































































































































































































































































































































































































































































































































Sludge Produced (dry kg/yr), or (dry tons/yr)
Dry Solids Content (i) . Volatile Solid Contents (%)
Methods of Sludge Disposal: ‘
































































































































































































































































































































































































































































































































































































































































































































































































































‘ 8. Laboratory Capability
Floor Dimensions (m) . or (ft)
 
Counter Space (m2) , or (ft?)





















Balance (types and descriptions):



























































































































































































































9. Quality Assurance and Monitoring Programs
Industrial Haste Discharge Monitoring Programs:
Influent Toxicity Monitoring Programs:
_ Effluent Toxicity Monitoring Programs:





















































































































































































































































and/or flow measuring precision available?
If Yes, how are they obtained?
How is the sample taken and with what frequency?
Are duplicate samples taken? If Yes, how often?
Describe the analytical method used (citation of well known publishe
method, e.g. ASTM D..... ..... is sufficient). ,
How is the method calibrated and how often?
Are duplicate or replicate analyses routinely performed? If Yes, at what
frequency?
Are estimates of precision and accuracy routinely determined? If Yes, how
often and what are their values?
Are any measures taken to assess whether the method is in control? If
Yes, please describe fully including how out-of-control status is























How is the sample taken and with what frequency?






































































































































































































































   
 8005
How is the sample taken and with what frequency?















































































































































































































































































































































































































































































































































































































































































































/dry metric ton of sludge












































































































































































































































   
 ‘1
PLANT NAME:
TEAM ASSESSMENT OF TREATMENT FACILITY
 
JURISDICTION:















X of Time Out
Compiiance
of








   
 
(2) FACTORS CONTRIBUTING TO OBSERVED PLANT PERFORMANCE
OETRIMENTAL
BENEFICIAL























































 H ' -3-
i (C) TOXICS REMOVAL ASSESSMENT























































































































































































































Monthly G = Grab
 
























































































































































































Legend Items 1 thru 9
0 = No Problem 3
1 = Minor Problem 4
2'= Significant Problem
Serious Problem
Unable to Assess
O
1
L
e
e
n
d
I
t
e
m
1
0
Excellent
Good
2
3
Fair
Poor
